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Instruments and instrumentation are fundamental to the advancement 
of engineering, science and technology. Since NASA's prime mission — 
stemming from the National Aeronautics and Space Act of 1958 — is the 
expansion of human knowledge, we must be very much concerned with 
instrumentation. You who are interested in instruments will particularly 
agree that instrumentation and metrology distinguish idle curiosity from 
scientific, businesslike , research. It is only when we can quantize and 
associate numbers with natural or man-made phenomena that we can under- 
stand and discuss such phenomena effectively. 

The dictionaries have a variety" of definition^ for instruments and 
instrumentation, and I'm sure there are many different definitions to be 
found among the engineering societies and the scientific community. In 
the exploration of space, we could think of the- entire assemblage of a 
launch facility, launch vehicle, satellite or spacecraft, the tracking 
and data reduction network and all the components and subsystems down 
to microminiature sensors and transducers as comprising an "instrument 
system." This might even include the operators and astronauts. Although 
this would be an extremely broad definition, nevertheless, one of the 
fundamental purposes of till these elements is to measure and acquire 
engineering, scientific and medical data — which, after all, is the purpose 
of most instruments. 


< 


2 

I will try to describe very briefly some of the major RASA "instrument 
Systems", within this broad definition, tell you about their basic objectives, 
and then discuss some of the devices and developments which would be more 
commonly defined as "instruments". 


The projects I will describe are directed by RASA Headquarters, nine 
major Field Centers and the Jet Propulsion Laboratory. Of these nine Field 
Centers, the Electronics Research Center is our newest, and one which 



Frequently, people forget that the second letter in "RASA" stands for 
"Aeronautics", and that we are responsible for doing research in that field. 

To illustrate. Slide (l) shows a picture of the X -15 airplane and seme of 
the work being done with this vehicle which is now called the "work horse" — 
at RASA's Flight Research Center at Edwards, California because it has flown 
so well so often. Problems in aerodynamics, structural heating, stability 
and control, and piloting are being investigated. Slide (2) shows an 
artist's concept of three configurations of hypersonic aircraft. Develop- 
ments of this nature, along with related research, are done at several RASA 
Centers utilizing wind tunnel, environmental and other test facilities, such 
as those at Langley Research Center in Hampton, Virginia, Ames Research Center 
at Moffett Field, California and Lewis Research Center in Cleveland, Ohio. 

Moving out into thinner air, the next Slide (3) shows the S-6 Atmospheric 
Structure Satellite. Some of the instruments used on that satellite, which 
is known as Explorer XVII, are shown. This satellite was launched in 1963 
to obtain data on energetic particles and fields near the earth. The family 
of satellites, shown in the next Slide ( 4 ) are the Synchronous Communication 
Satellites. The objective of these satellites, of course, is for better 
global communications. They are positioned approximately 22,000 miles above 
the earth in a circular orbit in a fixed position relative to the earth. The 
next Slide (5) shows a Tiros satellite. Tiros is an acronym for Television, 
Infrared Observation Satellite. The objective of satellites of this type is 
to assist meteorologists by providing cloud photos and other weather infor- 
mation to enable better weather forecasting. On the next Slide (6)' is shown 
an Orbiting Geophysical Observatory — or " 0 G 0 ". This satellite is designed 
to obtain scientific data in atmospheric physics, earth-sun and inter- 
planetary phenomena. 


Row, to talk about one of the programs -viiich has received considerable 
public attention recently /•’the Lunar Program; let's look at Slide (7) showing 
the moon and some of the many questions scientists and engineers have asked 
about it, such as: Where can men land? What is the surface like? What is 
the origin of the craters? What is its gravity field? What is its com- 
position? To answer these, and other questions, there are several efforts 
planned} some of which are illustrated on the next Slide ( 8 ). Here are 
three types of satellites — the Ranger VII which provided those trulj^ 
excellent photographs of the moon last July was one of this family .e 
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Moving farther out into space, on the next Slide ( 9 ) is shown an 
Advanced Orbiting Solar Observatory. This system is intended to obtain 
scientific information about the sun. Then, going still farther into space, 
on the next Slide (LO) is shown an Interplanetary Monitoring Platform, 
affectionately called "IMP" — whose objective is to obtain data on inter- 
planetary radiation, magnetic fields and other phenomena. 


So far, you have seen illustrations of unmanned satellite projects. 
The next Slide (ll) gives an indication of the magnitude of the very large 
"Instruments" required for manned exploration of space. Here sire the 
Saturn family of launch vehicles, the largest of which, Saturn V, taller 
than the Statue of Liberty, is the one planned for the Apollo program 
to land a man on the surface of the moon. 





An inhere st st i c and a compliment to the instrument industry 
is that there ( 4^^approximately 1200 types of measurement involved in & t 
'flight and approximately ll8k were completely successful. This is 
a remarkable achievement of Instrumentation performance . 




How, to turn to the instruments as they are more commonly defined 
in the space program — the next Slide (12) shows the fiber erotic (stage 
separatio^ application as vised in the SA-6. This next Slide ( 13 ) shows a 
possible niture application of fiber optics — to permit on board observation 
of flame characteristics. There are other applications, of course. 


In the next Slide (lU) are shown various types of Ablation Sensors 
developed to detect heat shield and spacecraft heating and buraoff . The 
scheme on the left is a light pipe which transmits light to a photo 
detector — several of these would be placed at various depths. The simpler 
scheme, in the center, uses two wires which are shorted by ablation and 
can thus be made to produce a signal to be read out. The arrangement on 
the right is applicable to both charring and non-charring conditions and 
uses a tube and spring wire which .when deformed by heating closes a switch 
and completes a circuit. 


To illustrate one of the instruments used to obtain data on the 
earth's atmosphere, next is shown in Slide ( 15 ) a device developed at 
Langley Research Center to measure air density by means of backscatter of 
gamma rays. The object here is to get data in the undisturbed atmosphere, 
outside the boundary layer and turbulence surrounding the rocket. This 
method has been used successfully to altitudes of approximately lW^OOO ft. 
and is being refined and extended to higher altitudes. 


To obtain data on micrometeoroids, the transducer shown on the next 
Slide (l6) was developed at Ames Research Center. This is a micro- 
balance using cantilever beams with piezo-electric sensors attached. 

This was found to be so sensitive that it has been adapted to measure 
heart beats of the embryo in bird's eggs as shown in the next Slide (IT). 
The medical people are very much interested in this device in connection 
with research on the effects of drugs. 

Previously I mentioned that NASA is responsible for research in 
Aeronautics . One of the difficulties in hypersonic tunnels and shock 
tubes, where very small models must be used, is the measurement of pressure, 
temperature and other parameters on the models. The next Slide (l8) shows 
at the top a diagram of the arrangement of one of our hypersonic tunnels 
which uses a "pop gun" to launch the model. The speed here is of the order 
of Mach 10.0 and the time involved is very short as you can see on the 
bottom scale. In order to obtain base pressure measurements, a miniature 
telemetry system with a pressure transducer was developed by Ames Research 
Center. This curve at the bottom shows data obtained. Another miniature 
device developed at Ames for measuring low pressure is shown in the next 
Slide (19). This is a vibrating diaphragm, pressure transducer less than 
an inch long. 

I mentioned earlier the conversion of a meteoroid transducer to 
measure bird heart beats — we are very much interested in the heart beats 
and other physiological functions of humans, particularly, the functioning 
of astronauts. They are very busy people and do not like to be encumbered 
with wires and other restricting attachments while performing their work. 

In order to allow as much freedom of movement as possible and still obtain 
medical data, the miniature telemetry unit shown on the next Slide (20^ has 
been developed. This is about the size of a penny, yet it includes 
amplifier, oscillator and battery. This is not the smallest size in which 
this can be made, and it is applicable for electrocardiogram, electro- 
encephlagram and electromyogram use. The medical profession is interested 
in these devices also to obtain continuous data on a patient without 
restricting his movements. 

Another device for monitoring human performance, is the ear oximeter 
shown in the next Slide e?ll This device contains a light source and photo 
detector. The variation in blood flow produces a variation in the light- 
absorbed and thus modulates the detector. It's a small and easily attached 
device but does not have an integral telemetry system (as yet). 

Let us turn now to our needs and requirements . In the next Slide (22), 
you see an artist's view of three astronauts riding in an Apollo space- 
craft and an observer on the ground attempting to monitor a few of their 
body parameters. One of the needs indicated here is for an integrated 
method which will be valid, yet quick and easy to interpret and give 
indications of over -all system status. For example, indication of the 



total cardiovascular and nervous system behavior so as to show alertness 
and reac tion rates; and a method of paaiM& extrapolating these to indi- 
cate the/ performnce‘*‘c'apabiiity \pemai ni nffl — in other words, "How far can 
one still go?" This is a large oidur ana would require close cooperation 
between the medical profession and instrument developers. There would be 
many «bw«K advantages in addition to the uses in space operations. 

Some of our general instrumentation needs and requirements are 
outlined in the next Slide ( 23 ) ; 


1. Range of measurement needs extension two ways — 
to higher values, to lower values; and we need 
techniques to measure new parameters. 


2. We need more accurate measurement ability, particularly 
at the extreme ends of present scales. 

3. We need combinations of measurements to reduce the number 
of measurements, and we must eliminate synergistic effects 
so that we can more easily measure a given parameter without 
having to compensate for others. 

k. We need better standards and calibration methods. 

5. Absolute methods of calibration are particularly needed. 


Some of the various kinds of instrumentation which might be required for 
a manned orbiting space station are listed on the next Slide ( 2k ). Of the 
items listed, some of the more critical ones needing development, not 
necessarily for space stations, but for a variety of space rsqulr e me ain , are : 
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Vacuum Instruments for 10 -J - U to 10”- 1 - 0 torr 1 


High Temperature Instruments 
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000° c 


Low Temperature Instruments to 4°K and below 


UV Instruments and Particle Instruments 
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ADVANCED ORBITING SOLAR OBSERVATORY 
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LARGE LAUNCH VEHICLES 



SATURN I SATURN I-B SATURN V 
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(FUTURE USE) 
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DUMMY TARGET 




SLIDE (15) 



3ASE- PRESSURE MEASUREMENT BY PRESSURE TELEMETEF 

FROM A CONE IN FREE FLIGHT 



time, seconds 



SLIDE ( 19 ) 
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BIOMEDICAL SENSORS 
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RANGER TRAJECTORY TO MOON 






